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ABSTRACT

Mine Division 81 collected oceanographic data in the Tyrrhenian
Sea from 18 to 21 October 1966 in supnort of Project FLOOD. The data
included serial-depth temperatures and salinities at 36 stations,
31 bottom sediment samples, 10 water transparency and color observations,
and 300 miles of bathymetric soundings.

An evaluation of the data showed that a substantial amount of
good quality data was obtained by Mine Division 81. These data are
a useful contribution to the knowledge of the marine environment of
the Tyrrhenian Sea and will be available to agencies and institutions
through the National Oceanographic Data Center.
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I. INTRODUCTION

A. Purpose.

This report presents Project FLOOD oceanographic data collected
by Mine Division 81 in October 1966 (Operation Number 927013). Survey
operations were conducted along the coast of Italy in the Tyrrhenian
Sea. Mine Division 81 consisted of USS VALOR (MSO 472), USS VIGOR
(MSO 473), USS VITAL (MSO 474), and USS ASSURANCE (MSO 521). ASSURANCE
did not participate in the FLOOD operations. This FLOOD report is
one of a continuing series that began with IMR 0-30-63 (Underwood,
1963) which contained the oceanographic data collected by several
mine divisions between May 1961 and July 1962.

The FLOOD reports serve the following purposes: 1) As a vehicle
for communicating FLOOD data to prospective users, 2) as an evaluation
of the data and collecting methods, and 3) to focus the attention
of future participating ships on common errors made in collecting
and recording oceanographic data.

B. Background.

Project FLOOD (FLeet Observation of Oceanographic Data) was established
in 1960 as a means of developing the latent oceanographic survey potential
of the U.S. Navy. To date, the Project FLOOD effort has been confined
to the Mine Forces. Through the cooperation of Commander Mine Forces,
U.S. Atlantic Fleet, and Commander Mine Forces, U.S. Pacific Fleet,
all minesweepers deploying to foreign areas are equipped with oceanographic
instruments, and the ship's crews are trained in their use. In the
Mediterranean Sea, Commander, Sixth Fleet, frequently schedules survey
operational periods for Mine Divisions, such as MINEDIV 81, while
they are under his control. Whenever possible, technical advisors
are made available by NAVOCEANO to assist the mine divisions during
these scheduled survey periods. The ships are encouraged, however,
to collect data whenever the opportunity arises. Two oceanographers,
one each on VALOR and VIGOR, accompanied MINEDIV 81 during the October
1966 survey.

C. Data Acquisition Plan.

The procedures employed by MINEDIV 81 for developing the survey
plan were set forth in a preliminary draft of "Technical Specifications
and Guidelines, Project FLOOD" (NAVOCEANO, rev. 1967). In the specifica..
tions, the Mediterranean Sea is divided into nine regions as shown
in Figure 1. MINEDIV 81 operated in Regions 5 and 6 during October 1966.
VALOR, VIGOR, and VITAL were assigned particular station locations
so that the ships could operate indenendently of each other.

The ships departed Naples, Italy, on 18 October, and ocean stations
and bottom grab samples were taken at approximately 6-mile intervals
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along the Italian coast from Naples to Isola di Grannuti. These operations
were completed on 19 October and were followed by a brief bathymetric
survey in the northeastern part of the Tyrrhenian Sea. Additional
ocean stations and bottom grab samples subsequently were taken between
42*N latitude and Elba Island. The ocean stations included serial-
depth temperature measurements from reversing thermometers and/or
bathythermographs (BT's), serial--depth water samples for salinity
analysis, and, on selected stations, visibility observations. Operations
were completed on 21 October, and the ships proceeded to San Remo,
Italy. A total of 36 ocean stations was occupied, 14 by VALOR, 15
by VIGOR, and 7 by VITAL. VITAL also took 14 BT's prior to the survey
in transit to Naples.

The locations of the ocean stations, bottom grab samnles, and
visibility observations are shown in Figures 2 through 4, respectively.
The oceanographic equipment on the ships consisted of mechanical
BT's, Nansen bottles (lowered from the BT winch), Dietz-LaFond or
Orange Peel bucket samplers, Secchi discs, Forel scales, and (on VALOR
and VIGOR) reversing thermometers.

II. RESULTS

A. Data Inventory.

The oceanographic data reported taken by MINEDIV 81 consisted
of the following:

62 Bathythermograms
122 Reversing thermometer temperatures
146 Water samples for salinity analysis

31 Bottom grab samples
10 Secchi disc/Forel scale observations

130 Miles bathymetr1c data

Of these data, the following were received in acceptable condition:

Percent Accepted
50 Bathythermograms 81

118 Reversing thermometer temperatures 97
142 Water samples 97

31 Bottom grab samples 100
10 Secchi disc/Forel scale observations 100

130 Miles bathymetric data 100

The serial-depth temperature and salinity values were comnuter
processed at NAVOCEANO. Machine listings provided electrical conductivity,
density (sigma-t), and sound velocity determinations for each depth.
The computer-processed station data sheets are presented in Appendix A.
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The bottom grab samples were analyzed at NAVOCEANO for sediment
size and composition. Computer-processed data sheets of these analyses
are presented in Appendix B.

The Secchi disc and Forel scale visibility observations are presented
in Appendix C.

The BT data were processed at the National Oceanographic Data
Center (NODC) and are on file at NODC under the following reference
numbers: 08342 and 08343 (VITAL), 08477 (VIGOR), and 08478 (VALOR).

The bathymetric data are on file at NAVOCEANO, and the data will
be used to update existing bathymetric charts of the Tyrrhenian Sea.

B. Quality Control.

During the processing and analyzing of FLOOD data, the precision
of the data is determined, and erroneous values are rejected.

1. Water Sample Data. Water samples were carefully analyzed
for salinity at NAVOCEANO. With good laboratory technique, present
salinity analysis methods give accuracies of +0.01 parts per thousand
(o/oo) or better. The greatest potential sources of error result
from the contamination of the water sample by residual salt in an
improperly rinsed bottle and by salinity increase through water evaporation.
These errors are difficult to detect unless they are large. However,
as a check for salinity errors, the salinity values were plotted against
the corresponding temperature values at the same depth. An ocean
area usually has a well-defined Temperature-Salinity relationship,
and anomalous values can be easily identified and checked. Additional
checks were made with the computer calculated sigma-t values, and
any density inversions were examined. The anomalous salinities from
the October 1966 FLOOD cruise which could not be explained are identified
in Appendix A with question marks.

2. Temperature Data. The reversing thermometer data from VIGOR
and VALOR were the most accurate and were helpful in assigning accuracy
values to the BT temperatures from all three ships. Three reversing
thermometers were used on each Nansen bottle, and the resulting temperatures
were averaged to obtain an accepted value, except in cases of obvious
malfunctions. The deviation of the individual value from the accepted
value did not exceed 0.02*C for 92 percent of the cases.

BT data from VALOR were corrected to the reversing thermometer
data, and comparisons in isothermal layers above and below the thermocline
showed good repeatability with the BT's. BT data from VIGOR differed
from the reversing thermometer data only near the sea surface and
by a fairly constant amount. The BT's on VIGOR and VITAL, therefore,
were checked against the corrected VALOR BT by grouping the data
from all three BT's in a temporal/geographical order, i.e., as the
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ships alternately made BT lowerings, and by obtaining the differences
between successive BT observations at 50 and 300 feet (isolayers).
Because the differences between each pair of BT's showed distinct
trends, the VIGOR and VITAL data were corrected to agree with the
VALOR BT data and were assigned accented accuracies. These accepted
accuracies were based on a comparison with the VALOR BT data plus
the accepted accuracy limits of the VALOR BT data.

3. Bottom Grab Sampls. The bottom grab samples were analyzed
for sediment size and comnosition at NAVOCEAIO in accordance with
the techniques given by Richards (1962).

4. Water Transnarency and Color Data. The only quality control
applied to the Secchi disc and Forel scale data was to check the recorded
positions of the readings against other data logs for the same station
locations. Heavers (1967) observed that, on the average, water color
may differ by +1 unit when estimated by different observers.

III. REVIEI

On the whole, the quality of the data collected by MINEDIV 81
was very good. VITAL and VALOR each made-one error in entering latitude
on a Secchi disc observation. Although precise position data is only
critical for bottom sediment data, care should be exercised in picking
coordinates from charts to avoid data being rejected because of faulty
position information.

A 10 shift in the calibration of the BT on VALOR in the middle
of the survey suggests that the stylus may have been bent accidentally
during removal of a slide or from the BT being exposed to direct sunlight
which can cause a BT to overheat and 'peg'f its stylus.

BT slides from VALOR and VICOR were scratched but not too seriously.
Care always should be exercised in handline the slides because the
staballoy coatings on the slides can be easily scratched or smudged.

VIGOR and VITAL provided BT calibration slides: VALOP did not.
However, the calibration data taken by VIGOR and VITAL before and
after the survey neriod differed in both instances and could not be
used to correct the BT's. During future denlovments, shins are urged
to make as many bucket calibrations as possible so that enough data
are available to determine whether the BT calibration actually changed
or whether an error was made in making the calibration.

In some instances, differences occurred between the water depths
and positions recorded with the BT data from those recorded with the
water sample data. These differences, however, may have been due
to ship drift between the times when the different observations were
made.
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By discussing the errors that occurred in the collection and
reporting of the data, future observers can be made aware of previous
mistakes and, therefore, can avoid making the same errors.

IV. SUMMARY

The amount of useful environmental data collected by MINEDIV 81
was impressive and will make a useful contribution to knowledge of
the ocean environment of the Tyrrhenian Sea. Project FLOOD environmental
data are used in the preparation of various data sheets, pilots, atlases,
sailing directions, and other publications and instructions. The
data will be available to agencies and institutions through the National
Oceanographic Data Center.

The data in the Appendixes have been checked for errors, and,
where possible, an evaluation of accuracy was made.

The real and potential sources of error in data collection are
discussed for the benefit of future participating ships.-
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APPENDIX A

Oceanographic Station Data
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EXPLANATION OF COMPUTER DATA SHEET
OCEANOGRAPHIC STATION DATA

1. CRUISE. A number assigned to each cruise for identification
purposes. The first two digits are the mine division number,
the next three digits are the ship's hull number, and the last
digit is the end digit of the year.

2. STATION. The station identification consists of an area abbre-
viation (MED- Mediterranean Sea), a region number (in the Medi-
terranean Sea as given in Project FLOOD specifications manual),
and a consecutive station number for the cruise (different for
each ship).

3. LATITUDE. Expressed in degrees, minutes, and tenths of minutes.

4. LONGITUDE. Expressed in degrees, minutes, and tenths of minutes.

5. MARSDEN SQUARE. A 10-degree geographical square used for cataloging
data.

6. DATE. Day, month, and year when data were taken.

7. TIME. Time of day when data were taken in local time.

8. ZONE. Time zone for converting local time to GMT.

9. DEPTH. Depth of water in meters where station was taken.

10. AIR TEMP. Temperature of the air in *F when station was taken.

11. TEMP INSTR. Type of temperature recording instrument used for
collecting the water temperatures (RTH- reversing oceanographic
thermometer, MBT- mechanical bathythermograph).

12. SAL INSTR. Type of instrument used to obtain salinity samples
of water (NAN- Nansen bottle).

13. DEPTH. Depth in meters at which each temperature and salinity
sampling was made.

14. DEV. The + range of depth over which actual sampling depth may
deviate from given sampling depth.

15. TEMP. Water temperature in °C at each sampling depth.

16. DEV. The + range of temperature over which actual temperature
may deviate from given temperature value.

17. SALINITY. Water salinity in parts per thousand at each sampling
depth.
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18. DEV. The + range of salinity over which actual salinity may
deviate from the given value.

2
19. ELEC. COND. The electrical conductivity of the water in mhos/cm

calculated from the values of temperature and salinity with the
empirical equation of Ribe and Howe, "An Empirical Equation
Relating Sea Water Salinity, Temperature, Pressure, and Electrical
Conductivity."

20. DEV. The + range of electrical conductivity over which the
actual conductivity may deviate from the given value, computed
from the deviations of temperature and salinity.

21. SIGMA-T. An abbreviated expression for density (density- Sigma-t/
1000 + 1) g/cmo calculated with the equation of Knudsen using the
given temperature and salinity values.

22. DEV. The + range of Sigma-t over which the actual Sigma-t may
deviate from the given value, computed from the deviations of
temperature and salinity.

23. SOUND VEL. The velocity of sound in sea water at each depth, in
meters per second, calculated from the given values of depth,
temperature, and salinity using Wilson's equations of 1960,
NAVOCEANO Special Publication 58, "Tables of Sound Speed in Sea
Water."

24. DEV. The + range of sound velocity over which the actual sound
velocity may deviate from the given value, computed from the
deviations of depth, temperature, and salinity.
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APPENDIX B

Bottom Sediment Size and Composition Analyses
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EXPLANATION OF COMPUTER DATA SHEET
SEDIMENT SIZE AND COMPOSITION

Results of sediment-size and -composition core analysis performed by the
U. S. Naval Oceanographic Office Geological Laboratory are tabulated on
Computer Data Sheet Sediment Size and Composition.

The following is an explanation of the terms employed on the Computer Data
Sheet:

1. CRUISE. A number assigned to each cruise for identification purposes.

2. SAMPLE. A consecutive number applied to each core taken successively
throughout the cruise.

3. LATITUDE. Expressed in degrees, minutes, and tenths of minutes.

4. LONGITUDE. Expressed in degrees, minutes, and tenths of minutes.

5. TAKEN. Date in month, day, and year that core was taken.

6. CORER TYPE. Number corresponding to sampling device code below.

1. Hydroplastic piston 6. Orange Peel
2. Hydroplastic gravity 7. Ewing
3. Kullenberg piston 8. Vibrocorer
4. Kullenberg gravity 9. Dredge
5. Phleger gravity 0. Other

7. .LENGTH. Length of core recorded in centimeters as observed in the laboratory.

"8. PENETRATION. Penetration of coring device recorded in centimeters as ob-
served in the field.

9. DEPTH. The uncorrected sonic sounding recorded in meters.

10. ANALYZED. Date in month, day, and year that core was analyzed in the
laboratory.

S1I. ID. NO. Three digit laboratory project number followed by consecutive num-
ber assigneto each subsample analyzed.

12. INTERVAL. Interval of subsample as measured in centimeters from the top
of the core.
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13. MM. Particle dionm-¶tnr ý:i:c: bo-,,'h k osed n Wentworth size grades in
millimeters.

14. PER. Percent of total sample weight within the givensize interval.

15. GRAVEL, SAND, SILT, CLAY. Percent of total sample weight within the
four size classes.

Class ranges are: Gravel - coarser than 2 mm
Sand - 2 to 0.0 6 25 mm
Silt - 0.0625 to 0.0039 mm
Clay - finer than 0.0039 mm

16. MEAN (MM). The geometric mean of the distribution expressed in millimeters.

17. MEAN (PHI). The logarithmic mean of the distribution expressed in phi units
(-P0g2 of the diameter in millimeters).

18. STAN DEV. Standard deviation. A measure of the degree of spread or dis-
persion of the distribution about the mean expressed in phi units.

19. SKEWNESS. A measure of the asymmetry of the distribution. Positive values
denote skewness of the distribution toward the fine particles, negative values denote
skewness toward the coarse particles. A normal distribution has a skewness of 0.

03 = I• a f (Xi -)3
100

20. KURTOSIS. A measure of the peakedness of the distribution. Positive values
denote a "leptokurtic" distribution, or a distribution more "peaked" than normal
Negative values denote a "platykurtic" distribution, or a distribution more "flat"
than normal. A normal curve has a kurtosis of 0.

0 1 -4 f (Xi -) 4 -3

21. CACO 3 . Percent calcium carbonate of the total sample weight as determined
by the insoluble residue method.

22. ORG CARBON. Percent organic carbon of the total sample weight as deter-
mined by the Allison method.
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23. COLOR. Wet sediment color, based on the Geological Society of America

Rock-Color Chart, as determined in the laboratory.

24. DOM MINERAL. Dominant mineral (s) comprising the sample assemblage.

25. SEC MINERAL. Secondary mineral (s) comprising the sample assemblage.
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VALOR

Cru ise 814726 Cru ise 814726
Corer Type 6 Corer Type 6
Sample 106 Sample 114
Latitude 41 03.8'N Latitude 4206.2'N
Longitude 13024.9 Longitude 11°4.8'E
Length 0.0 Length 0.0
Penetration 0.0 Penetration 0.0
Depth 220.0 Depth 220.0
Taken 18/10/66 Taken 20/10/66
Analyzed 06/03/67 Analyzed 06/03/67

IDO. K0 306 13 to* NOW 306 1

INTERVAL 0.0-' 00c INTERVAL c.o- 0.0

MM PER MM PER

4.0000 0.C0c 4,0000 0.COO
2.0000 0.000 200000 04 249
1,00000 0,c00 1.0000 0.746
0.05000 .0.000 6 ~0 :-,5 66
0.2500 0.400 0T25C0 12.438
041250 0.408 0:12-50 12 .9351
0,40625 0.000 0.*0625 11*194

,-.a;0312 1-6-7 -5~ 0.-'-';031-2 li* 52--
0.0156 0.000 0.0156 0.995

0.00039 12,245 0.0039 6.468
... ,w;0" 62 0 6 ...- i 6 ? 0 Z-6- 9.4.3 "
0.0010 14.694 0040010 9.453
0.0005 0.000 06.00-05 0,COc
0O0000- 44.490 0.0000- 10.448

GRAVEL 0.000 GRAVEL 0.249
-$A717--1 0.816 SAND .41.C45
SILT 31.837 SILT 29.353
c ..AY 67,347 CLAY 290'353

'M•4AF (tM) 0.0018 MEAN (MM) 0.0239
MEAN (PHI) 9.0796 MEAN (PHI) 5.3856
STAN CEV 2.6601 STAN CEV 3.3933
SKEWNESS -0.3634 SKEWNE.SS O.2049
KIJRT7SIS -0 0-76 "- KURTOSIS -100570

C.ACC3 0.00c CACC3 50°C0c
ORG CARBON 0000 ORG CARRON 00c00
CCLCR IOYR5/2 COLCR !OYR R/2
DOM MINERAL DOM MINFRAL
SEC MINERAL SEC MINERAL
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Cru ise 814726 Cru ise 814726
Corer Type 6 Corer Type 6
Sample 115 Sample 117
Latitude 4T0(iLatitude 4208.6'N
Longitude I11034.9'E Longitude 10*56.9'E
Length 0.0 Length 0.0
Penetration 0.0 Penetration 0.0
Depth 220.0 Depth 305.0
Taken 19/10/66 Token 20/10/66
Ana lyzed 06/03/67 Analyzed 06/03/67

TD. NO. 306 2 10D. N0O 30 3

A-TNT ERkVAt 0.00- 010 INTERVAL 0,0- Colo

-- ~f -1'M, PER

4.00000 -0-000 4.OO000000
2.00000 0.00 000 ,00
1.0000 0.000 1.0000 0.000
0.ý5000 0.000 1w4

2- .6 0 0#2500 1.202
-041250 0.260 0-1-0 1 --------
0ý6625 0.260 0.0625 1.923
0.J0312 19.271 3T

*05E 6 -1047 0,601!6 ___2*163

0*10078 .3:906 ~ ~ T
04;00319 7*212

0.0020 9,3375 S1i0O2 0 il15
Daa0 10I 13,281 00,0010 11.058
0.000C5 Oc00c 0-0005 _0 .00
0-00000- 44,792 0.0000- 39,1662

0.000 GRAVEL 0.000
SANE 0*781 SANU'-'509
SILT 31.771 SILT 32,692
CLAY 67,448 CA ~6;6

MEAN (MM~) 0.G020 MP~ 02
,-EA M1 TPF-I) 8;9740 MOAN (PH4I) 8.5216
STAN OEV 2.7631 STAN 2 -*' 9 g932
SKEWNESS -0,3204 SKEWNESS -0.2643
KURTOSIS -!*0471 KUPTIOSIS -14-0498

CACC3 30.1c00c CACC3A 37,000
ORG CARPON 0.000 ORG CAReON 0.000
C0LCR 10YR5/.2 CCTE*R I.0Y;55/2
DJ?. MINFRAL 0CM MINERAL
SEC MINFRAL S-EC -MJJERAL
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Cruise 814726 Cruise 814726
Corer Type 6 Corer Type 6
Sample 130 Sample 131
Latitude 4104.6'N Latitude 41038.5'N
Longitude 13°0.8'E Longitude 12°8.7'E
Length 0.0 Length 0.0
Penetration 0.0 Penetration 0.0
Depth 150.0 Depth 140.0
Taken 18/10/66 Taken 19/10/66
Ana lyzed 06/03/67 Analyzed 06/03/67

IDS MJ. 306 4 ID' K. . 306 5
-TNTEWVAL ..... -0- INTERVAL 0.0-. 04•0

MM ---. PM PER

S- T0 .....- 0 4.00000 0000
2,10000 3.059 '2.,0- . 0.000-- 1-.00000 5-5 87 1j0000 0. 00
0,15000 i4.1662 0 i ,0-0O.GO.

- 27~~VT 02500 0*274i
0,i1250 7T545 .- ----0

-0.0625 .44690 O0625 0.274
060312 7.545 0--0-xn3i- 2T-

--- - 6 . .1402u- 0 0156 0,821
0.0078 0.816 ----a -4,--79 - " ...
-- 03 ....9 Z 0.-0039 10,667-9
0.0070 .3:874

;00 0 ...... . 5 -- 0 0010 13.965
0 6.0005 0.00 CO..- - .. .UU.
0.0000- 16-721. -n 0,0000- 41.621

" G'A"V . ........ 5 GRAVEL 0.000
SAND 59.421 0,
SILT 11*827 - SILT 29.354
CLAY 250*693 6CLA60 ... 825

MEAN (MP) 0.0573 0,0019
FE t IPFII 4,1248 MEAN (PHI) 900591

STAN C6V 4.2223 STA-N--EV
SKE"WNESS 00,745 SKEWNESS
KURTOSIS -0,9b7l KURT (S! I-S -0.699i

CACC3 62.CO0 CACC3 30.CO0
ORG CURPON 0.000 ORG CAR•GON 0.00
CCLCR OYR5/2 COLCR "1 YR!I
D00M MINERAL DCM MINERAL
SEC MINERAL SEC MTNERAL
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Cruise 814726 Cruise 814726
Corer Type 6 Corer Type 6
Sample 134 Sample 146
Latitude 40155.9'N Latitude 42*13.0'N

Longitude 13*44.9'E Longitude 11028.6'E
Length 0.0 Length 0.0
Penetration 0.0 Penetration 0.0
Depth 219.0 Depth 135.0
Taken 18/10/66 Taken 20/10/66
Analyzed 06/03/67 Analyzed 06/03/67

10D NO. 306 6 10. NO. 306 7

.. 0 --00 INTERVAL 0.0- 0,sO

WEM M PER

0 ---,'coo 4.0000 O,0O0
2.0000 0.000 2.00000 0.000

-,-I 0000 . .GO 0.0 CO 1.0000 0,000
0,5000 0.0000 0 cO0

(F.7O0 0.Tu--2500 0.000
0o12 50 0.000 O. 1250 0,000
.06-0- -2 5 ... OC 0.,0625 Oecoc
0.0312 9.Ei9 20-31-... 23.03
0-;0156 . 2.. W089 0.0156 0.57'
0 ,o007e 2.0 e9 ......0.0-0-78'...... 2:•

0,0039 7.lbC
0.0020 13.579 "0 --- '0020 11.,200
000010 15:0320 0O0010 14.072
0.0005 0.000 0.000s 0.,000
0.,0000-- 52-228 0.0000- 4'e.060

AV .... 0.OOC GRAVEL O.C00
SAND 0.000 SANC 0.000
SILT 18.872 SILT 33,659
CLAY s1. 0 2e CLAY- 66.341

MEAN (PP) 0o0012 MEAN (Mm) 0.0022
MEAN (PFI) 9'6741, MEAN tPFJ) 80F.050
STAN CEV 2.3166 STAN COV 2.7690
SKEWNESS -0.5361 SKEWNFSS -0.2593
KURTOSIS -0. 0145 KURTOSIS -I..564

CACC3 22.CO CACCG3 Z6.000
ORG CAR•ON 0.000 ORG CARPON 0.000
COLCR 10YR5/2 CLOR- " OYR5/1
DOM MINERAL DCM MINERAL
SEC MINERAL SEC MYN-ýRAL
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Cruise 814726 Cruise 814726
Corer Type 6 Corer Type 6
Sample 147 Sample 153
Latitude 42,010.8'N Latitude 41012.3'N
Longitude 11020.4'E Longitude 12*38. 1'E
Length 0.0 Length 0.0
Penetration 0.0 Penetration 0.0
Depth 215.0 Depth 200.0
Taken 20/10/66 Taken 19/10/66
Analyzed 06/03/67 Analyzed 06/03/67

ID. NO. 306 8 10. NO. 306 9

INTERVAL 0,0- 0.;0 INTERVAL 0.00- 0,c

S..... I OM PER

-4;oloo .o.a 0o" 4.0000 0.000
2oooo 00000 200 .000 0.cOo

"1 ' o00000-- .. 0*-00 1,0000 0.000
0 500 0.000 0,J5000 OO

- W-4 27T . 0.'2500 1.619
0.1250 0.473 001250 -- 24860
0,0625 0-473 0*'0625 2.428
0s0312 3:409 . 0032 28 Z02
""-_0 .- 73 000156 3.238
0,10078 1.420 .. 0,7•- 1.61.

-9 -. 94?0 .,0,0039 4.047
060020 14w678 0.0020 9.984
.0 J0,0 0 '17" 045 0 0010 10,793
0.0005 0.000 "00005 O.CO0
.00000--" 51.610 000000- 34, Oe

--'R•Av7Et__-....... . 0-0 GRAVEL 0.0c0
SAND 1.420 SAND 6.908
SHUT 15.246 SILT 37.507
CtAY 83.333 -CLAY 55.5 86.

MEAN (MM) 0 o001o 1 - A - .. .. .... o0, 0 -
FInAN("fI)I1 9-9,551 MEAN (PPI ) 7.931.7
STAN BEV 2.0601 ASTAN -C V 3.212A
SQ i N F.S S -0.6518 SKEWNESS -0.1030
KURTOSIS 1.E365 KURTOSIS -1049P6

CACO3 30.000 -cC- . .7,(}c
ORG CARPO(N 0.000 ORG CARBON 0,000
COLCR IOYR5I2 CCLOR .... 1OYR5/2
DOM MINERAL DOM MINERAL
SEC MINERAL -SEC MTNRAL
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Cruiss
Cruise 814726 Cruise 814726
Corer Type 6 Corer Type 6
Sample 172 Sample 179
Latitude 41*23.3'N Latitude 4208.8'N
Longitude 12*20.9'E Longitude 10*8.5'E
Length 0.0 Length 0.0
Penetration 0.0 Penetration 0.0
Depth 155.0 Depth 240.0
Taken 19/10/66 Taken 20/10/66
Analyzed 06/03/67 Analyzed 06/03/67
KD. N0. 306 10 WO NO. 306 11

S.. NTERFL 0.0- C10 INTERVAL 0.0- 0.0

PER MM PER

4.0000 0o0o0 4.o0000 0.000
2.i0000 0.00o 2000o0 0.389
10 o000 .000 1.0000 0,389
0o5000 0.4 o. 05000 ........ ••140
0...-�ý2*O0 .. C64 0.25o0 8.366
0.12%0 3.303 0M250 11 673
"0.0625 4.129 0.0625 10.311
0.0312 12.*2 -003120- .. . -81

"0.0156 0.626 0•0156 0.973
0 10078 2.477 0•0078 10751
00 ,01-9 6.606 0,0039 4.669
0e0020 3.0.322 0.0020 7.19P
0.0010 14.451 0.0010 9.144
0.00OC5 O.COO 0.0005 0.000
0=0000- 42.527 000000- 28.016

,RAVýL O.COC GRAVEL 0,389
SAND 9.90q SANC 32.879
SILT 22.791 SILT 22.374
CLAY 67.300 CLAY 44.350

MEAN (MM) 0.*C24 MEAN (MP) 0.0098
MEAN (PHI) 8.6F;5 MEAN (PHI) 6b6751
STAN CEV 3.1203 STAN CEV 3.8519
SKEWNHSS -0.3939 SKEWNESS 0.0041
KURTOSIS -0.(F65 KURTOSIS -1.5197

CAC03 3P.COC CACC3 r4.000
ORG CARON 0.CO0c ORG CARRON 0.000
COLCR I.OYk3/2 COLCR IOYRI/?
DCM MINERAL DOM MINERAL
SEC MINERAL SEC MINERAL
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Cru ise 814726
Corer Type 6
Sample 182
Latitude 41*49.4'N
Longitude 11052.8'E
Length 0.0
Penetration 0.0
Depth 275.0
Taken 19/10/66
Analyzed 06/03/67

10. hV. 306 12

2.0000 04000

0.~5000 4 0.000
0 1 5000 'o

0o1250 06000

010312 24.191

0ý0078 4.259

0.ý0020 10.s50

0.ý0005 0.0000

ORAVEL--_ __

SANC 0.000

CLAY 63*884

MEAN (HM) 0.C024
NEW WUP1"T --a-993
STAN DEV 2:82-37
SKEW$E-SS -0 2 1T8F
KURTOSIS -103838

CACC33 28.000
GRU CAR93UK 0.000
CCLCR 3,OYR5/2
DGM MINERAL
SEC MINERAL
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VIGOR

Cruise 814736 Cruuse 814736

Corer Type 0 Corer Type 0

Sample 102 Sample 110

Latitude 41040.8'N Latitude 40652.8'N

Longitude 1 150.9'E Longitude 13051.5'E

Length 0.0 Length 0.0

Penetration 0.0 Penetration 0.0

Depth 228.0 Depth 120.0
Taken 19/10/66 Taon 18/10/66
Analyzed 03/03/67 Armlyzed 03/03/67

f6D NC. 305 2

INTERVAL 0.0- 0.0

0PM PERPWM PER

4.0000 0.000... 2,0000 O,-O0

00 0o0 0:5000 ' O00

0..500 O.COC
041250 0.000 01,1250 0.000
0.0625 0.000 0000
...0 25 0..0- 010312 18.399

S. . ..... -- 0 . .. .... - 2 ,. 4 4 .

0,0156 4.0C60 60112............. 0.0078 6, 1

0,0039 12.804..... .00-2O 1- 0.3 06 - 0,;0o20 ,q.169

0 1U8...... 00100105 11 86 O 0 10005 O. OOO

0'0000-- 4122• 00000- 40.342

GRAVEL 0o000-SANC 0~o •0SANI 0COC
S.LN 0.6002 SILT 3.-264
SILT 369602 CLAY 61.7-6S....... CL • -•6 16, 3 9 P

IAEAN (MM) 0,C023

MEAN (PPI) 8,9410 STAN TEV 2,6817
STAN 0EV 2.•5566 SXANLBSS -0:2141
SKEWNESS -0o2346 KURTOStiS -0.2813

KORTOSIS -RSi8596

CACC3 24.000
"ORG ACCR 29.000 ORG CJRBtr 00coo

ORG CARBON 0.000 COLOR IOYR6/2
..COLcR - .- DO, WPIEFRIT L
DOM MINERAL SEC MINERAL
SEC MfNrRAL
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Cruise 814736 Cruie 814736
Corer Type 0 Corer Type 0

Sample 127 Sample 128
Latitude 42025.0'N Latitude 42028.5'N
Longitude 10*7.5'E Longitude 10*15.1'E
Length 0.0 Length 0.0
Penetration 0.0 Penetration 0.0
Depth 88.0 Depth 146.0
Taken 20/10/66 Taken 20/10/66
Analyzed 03/03/67 Analyzed 03/03/67

1D. NCO. 305 3 10. NO. 305 4

INTERVAL 0.0- 0.0 - ThTEFRVAL 0.0- 0.0

PM PER PM PER

4.0000 0.000 4 0000 0,00o
2.0000 2.923 2.0000 0.000
1.0000 21.0.6 .. 21000 0.COo
S. 0.5000 29.019 005000 0.221
002500 18.789 -..D •0-5 0.442
001250 10.647 0 1250 0.664
0.0625 5.010 0.0625 0.442
. 0312 2.714 O00312 13.C53
0'0156 0.418 0,U56 09664
•0 0T8- 1.461 0,i0078 4.e67
oo00039 0"626 g7UU-Ts 6.F5-

S .....-0i020 1.253 0.0020 11.504
0,0010 1.461 UUIOO 11.726
0.. 0005 0.000 0O0005 0.000
O00000- 4.593 -GOU0 4 - ..

GRAVEL 2-42"13 0. 0 00
840551 SANC 1.770

SILT 5.219 SILT 25.,442
CL"Y 7.307 CLAY 72.76F

MEAN'~ IMP) 0.2912 MEAN (MM) 0.lc016
MEAN (RFI) 1.7797 M-EAN {PFI) 9.28!4
'STAN 0EV 2.9443 STAN CEV 2.6608
SKEWNESS 1.0300 SKEWNESS -0.45g0
KURTOSIS 3.P162 KURTOSIS -0.3295

•A-C3 •8.C00 CACC3 28.000
ORG CAR8ON 0.000 ORG CAR-ON 0,000
COLCR 1OYR6/2 COLER 10YR6/2
DOM MINERAL DUM MINERAL
SEC MINFRAL SEC MINERAL
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Cruse 814736 Cruise 814736
Corer Type 0 Corer Type 0
Sample 138 Sample 157
Latitude 41*2.5'N Latitude 41032.2'N
Longiude 1308.5'E Longitude 12'11. .7'E
Length 0.0 Length 0.0
Penetration 0.0 Penetration 0.0
Depth 130.0 Depth 229.0
Taken 18/10/66 Taken 19/10/6
Analyzed 03/b3/67 Ana lyzed 03/t3/67

30. NO. 305 5 H0. NO. 305 6

INTERVAL 0.0- C.•C INTERVAL . 0.0- 0.0

OM PER PER

4,OOGO ?.077 4-0000 0coo00
ý.000O 39F-34 2:0000 0.000
100000 8.307 1.0000 0.000
0....O•d0 160773 0.5000 0.Co0
0.2500 13 .732P 0-2750
0;1250 10.064 04ý1250 o.s0 e
0.0625 6.709 0,0625 0.518
0.0312 9.,07 0.0312 0.052
0.0156 2.556 0.0156 2.330

l0,078 1.27e 000078 19*.30
C.0039 3.355 0.0039 9.22
0.0020 2.2S6 0.00"0 9.53i
0.0010 4.473 0.0040 11.652
0.0005 0.000 0.0005 0.cOC
040000- 16.294 0.0000- 45.831

GRAVEL 5.911 'GRAVEL 0.000
SAN9 55.59i SANC 1.295
SILT !.,495 SILT 31.642
CLAY 23.00? CLAY 67.064

MEAN (MN) 0.*C4, MEAN (MV) 0.0015
MEAN (PHI) 3.9633 MEAN (PFI) 9.B524
STAN CEV 4.2912 STAN CEV 2.2C08
SKENESS 0.3390 SKEVNESS -0.2&69
KURTOSIS -0.921.5 KURTOSIS -0.*7PO

CACC3 t5.C0c CACC3 *'.Coo
ORG CARPON 0.•00 ORG CARPON 0.000
COLOR 1OYR6/2 COLOR 1OYR6/?
DCM MINERAL DOM MINFR4L
SEC MINERAL SEC MINERAL
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Cruise 814736 Cruise 814736
Corer Type 0 Corer Type 0
Sample 158 Sample 175
Latitude 410 57.2'N Latitude 410 10. 1'N
Longitude 11*41.0'E Longitude 12*46.0'E
Length 0.0 Length 0.0
Penetration 0.0 Penetration 0.0
Depth 201.0 Depth 365.0
Taken 19/10/66 Taken 19/10/66
Analyzed 03/03/67 Analyzed 03/03/67

1D. NO. 305 7 ID. NO* 305 8

INTERVAL 0.0- e.o TNTERVAL .

M M PER .... .

4°0000 O0CO0 440000 0'000
-20000. 0.000 2SX0000 0.00O
1.0000 0.000. -100 ...O 00c0-c
05000 00-66.0 0;5000 000
0.2500 0.000 -0425" UO2".

-- a&I25O #;I i25-0 0.'1250 0.283
0.0625 00000 ---0O6025..

-- 0.0312 164997
0.0156 1:131 - 0-56.266
0; .078 6.3-'T 000078 5.382
0.'0099 8.e20 6 *5 1

02.,0020 8,215
040010 12,e90 - -- TU O . .... w .

" . ..005 0.0005 0,000
040000- 38:670 . . .45.

GRAVEL 0.0000
S-w . 0000 - SAND 0.s567
SILT 41..655 SILT .31a161
CLAY- 58.345 CLAY b8.272

MOEAN 0M&. MEAN (MM) 0.0019
MEAN (RHI) 8.5253 -XTFF• - . 9.0722
STAN COV 2.8481 STAN CEV 2.7266
SKEWNESS -091555 SWE-R-NESS -0.3413
KURTOSIS -1.497 KURTOSIS -0.983i

CACC3 28.000 CACC3 32.O00
ORG CAREON 0,000 ORG CARBON 0OOOc
COLCR 1.0YR6/2 CGLCR OYR6/1?
DOM MINERAL DOM MINERAL
S•C--MIf~iERAL SEC MINERAL
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Cru ise 814736 Cruise 814736
Corer Type 0 Corer Type 0
Sample 180 Sample 184
Lot itude 410O 19.3 1N Latitude 42020.31N
Longitude 12026.2'E Longitude 10*43.5'E
Length 0.0 Length 0.0
Penetration 0.0 Penetration 0.0
Depth 201 .0 Depth 256.0
Taken 19/10/66 Taken 20/10/66
Ana lyzed 03/03/67 Analyzed 03/03/67

ID* NO. 305 9 ID. NO. 305 10

INTERVAL G&O-~ coo INTERVAL 000O- C00

MM PER P5R

4.ý0000 0.0000 -4;COCO O'COa
-000O - o000 2.10000 0.COO

1.0000 0:242 1.00 .0
0 ;; 005000 0.0000

0*'2500 2.415 020 1.296
C) 1250- 2* E99 00,1250 2.592
0:0625 2.ý657 -- 6'G6 25 .8
0,;0-312-- t4Z~ .0312 11.447
0.;0156 8G9600156 '5*832

0,0039 6;763 ý '6
-- ~Z 7:246 0.0020 7*991

0.00010 11.594 0~0010 1.0,.367
--'0-00GC5 0.00 010005 0.000
00000c- 39.855 -00"0000- 43.413

GRAVEL 00000 GRAvEL 0*OCc
SAMD 8.696 SANO 7.775
SILT 32e609 SILT 30o454
CLAY 58.696 CLAY 61,771

MPAN, (MP) 0.0011 MEAN (MM) OoC025
MEAN (PHI) 80?iee M'EAN (PHI) 1161555

STAN CEV 3.2113 STAN 0EV 3.ýC25%
SKEWNESS -0.2624 SKEWNESS -0.3017
KURTOSIS -l.C291 KURTOSIS -0o9917

CACC ~ 9.0 co CACC5 .CC
ORG CARBON 0.000 ORG CARBON 00COC
CGLCR- 10YR6/7- CCLCR .10YRf612
DOM MINERAL D0}1 MINERAL
SEC MINFRAL, SEC MINERAlL
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Cruise 814736 Cruise 814736
Corer Type 0 Corer Type 0
Sample 191 Sample 192
Latitude 42°30. 1 'N Latitude 42044.01N
Longitude 10*50.5'E Longitude 10°36.0'E
Length 0.0 Length 0.0
Penetration 0.0 Penetration 0.0
Depth 128.0 Depth 101.0
Taken 20/10/66 Taken 20/10/66
Analyzed 03/03/67 Analyzed 03/03/67

oo. NCO. 30 11 ic. NO. .z05 12

INTERVAL 0.0- 0.C INTERVAL 0.0- 0.0

PM PEP IM PER

4,10000 0.CO0 4.0000 0.C00-2,;O006-0 0.000 2.0000 0.000
1.0000 0.OOC 1",0000 0,?000
0.5000 0.000 00,5000 0.000
0e.2500 O. 000 O 0 6. " .
0W,1250 0.149 0;1250 O.O0,
0.0625 0.000 O.;0625 ... Oo
0,0312•" o,312 7.536
00`0156 4.484 0.0-1-56 4.80..
0.0078OT i... 0.0078 6#151
00039 __141649 nO. . I1....
0.0020 1-.5 .. 010020 13.649
0.J0010 120706 070010 la°649
6060 - *--,- -0.6060 0.00OC5 0.000
0.0000- 40.508 010-00- 42*291

GRAVEL 00 10 0 G- -to--L
SAN-C - 0 1 4,q SANO 0.000
SILT 31.C91 SILT 30.4.11

'CKL--Y 68. -75 r-- CLAY 69,.59

"MEIK 0M) .016.C MEAN (MM) O.CO17
MEAN (PFI) 9,3042 °lnK, (PFI)' 9.2174
STA-N ElEV. . 2.06415 STAN BEV ?.3305
SKEWNESS -0,:1492 SKIFWNESS -0.2858
IK']RT OS1 S -1.1759 KURTOSIS -0.e849

' .24.000 CACC3 23,CO0
ORG CARP0N 0.000 'DRG CARFFOi 0.000

{-ICR ... ITJYR612 COLOR IOYR6/2
DOM MINERAL DOM MINFRAL
5jSEC -T-NTNIFA-U SEC MINERAL
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Cruise 814736 Cruise 814736
Corer Type 0 Corer Type 0
Sample 195 Sample 198
Latitude 41 02.0'N Latitude 42 035.6'N
Longitude 13032.6'E Longitude 10017.5'E
Length 0.0 Length 0.0
Penetration 0.0 Penetration 0.0
Depth 238.0 Depth 116.0
Taken 18/10/66 Taken 20/10/66
Analyzed 03/03/67 Analyzed 03/03/67

ID. NC. 305 13 10. NC. 305 34

INTERVAL C.O- 0.0 INTERVAL 0.00 0.'C

MM PER PI PER

4*'O0C0 0.Coc 4.0000 0.000
2.0000 o.coo 2.0000 0.641
1.0000 0.000 1.0000 0.000
0•5000 .. O. O 0o05000 0.641
0.2500 0,2j.4 025-4o. 1...
0.1250 0.214 0.1250 0.641
0.0625 O.O00 0.0625 0.00C
0.0312 16.702 OC312 7.692
0.0156 2.570 0.01.. 6.410
0.o078 5.351 0.0078 A.213

0.0039 C.996 0.0&ý9 9
0.0020 10.91. 0•0020 7.692
0.0010 11.777 04:00i0 17.308
0.0005 O.COC 0.0005 0.000
0W00C0- 46.2-3 0.0000- 46.795

GRAVEL O.OOC GRAVEL 0.641
SAND 0.42 SANC 1o923
SILT 30.6?1 SILT 21.641
CLAY f8.951 CLAY 7".795

MEAN (MM) 0.C009 MEAN (MM) 0.C016
MEAN (PFI) 9.C693 MEAN (PHI) 9.2416

STAN CEV 2.7037 STAN 0EV 2.7 19
SKEWNESS -0.2296 SKEWNESS -0*601.7
KURTOSIS -KOC? KURTCSIS '0.C/73

CACC3 >1.COO CACC- 28.003
ORG CARPON O.COC ORG CARRON OCOO
CCLCR 1POYP61 COLCR OYR61/
DCM MINFRAL DOCM MINERAL
SEC MINERAL SEC MINERAL
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VITAL

Cruise 814746 Cruise 814746
Corer Type 6 Corer Type 6
Sample 107 Sample 136
Latitude 41" 16.0'N Latitude 41052.0'N
Longitude 1232.0E Longitude 11046.0'E
Length 0.0 Length 0.0
Penetration 0.0 Penetration 0.0
Depth 143.*3 Depth 164.6

Taken 19/10/66 Taken 19/10/66
Analyzed 06/03/67 Analyzed 06/b3/67

1i! •06 307 1 )D, 1i0. 301 2

-- NTFTER-•- U-'O- INTERVAL 0.0-' 0.0

IF, M PER

-0� 0400O00 06000
2.0000 0 191 - 00 0-6...
T-00- .. .057 140000 04581
o05000 1.336 o.5000 0o,000
0G12500 '0'901- 0,12500 0,0581
041250 1.*718 0o1250 0 ,,1581-____ ... -a---7Y0T--V 0,1062_5 0,1581
010312 10,687 0,10312 194861
UJD13M6 __ 6Zi74 040156 1.161
0,o0078 B T779 05 So 22iS
54 3. 19 6• - oo0039 5.807
0ooo020 90733 0J0020 80130

WU&1 - 11.3W~040010 13.ý937
0.=0005 0.000 ojoo0 09--

.. -. 36 00,0000- 42•1393

GRAVEL 1*161
SANC 7.634 - 2S-3A2r..

L T. 34 -924--- SILT 32,056
CLAY 57.2952 CLAY60

MEAN fMP) 0.0032 " TN-T 0• 0..23.
"2702' MEAN (PHI) 8o6463

STAN CEV 3i,1414 -T-1-IB---------3.1230
-rEwNEfSS -0-3333 SKEWNfESS -0.4258
KURTOSIS -0,4226, -KURT S..... -0,c806

CACC3 36,000 CACC3 O.CO0c
-'DM U-ON 0.000 ORG CARE•ON 0.C00
COLCR 10YR5/2 CGLCR I......IOYR512
DOM MINERAL -DOM MINERAL
SEC MINERAL -S EC-MINfR E .RA .
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Cruise 814746 Cruise 814746
Corer Type 6 Corer Type 6
Sample 159 Sample 161
Latitude 4107.0'N Latitude 4100.0
Longitude 12053.0'E Longitude 13*39.0'E
Length 0.0 Length 0.0
Penetration 0.0 Penetration 0.0
Depth 164.6 Depth 137.2
Taken 18/10/66 Taken 18/10/66
Analyzed 06/03/67 Analyzed 06/03/67

1D. RIO. 307 3 IOb NO. 307 4

- -T - ....... 0,0. .. ,INTERVAL 0.00 0;0

MMv ~E M PER

4ýO00 ..... 440000 0.1000
2'0000 3.206 210-0-0(0 -0.000
1.. ; 0o00 .3.. -.... ..... 00,6 1.00000 0o.00c
00ý5000 7.615 ....0 -- 0 ,256

00'2500 0:513
Ocý1250 12.024 -0.1250
- 1.. -01625 . 7.816 040625 2ý308
0.0312 15o431 _7G-03 1.2 . . 24. 359

.. 00-5 . . .601- 0.0156 0.:F13
0*0078 W4 o-64

S.... 4-0'q��. 0 o03*9 20'821
0.0020 1.202 0.-60020. 6.667
0070010 ' 6.*13 0,;0010 11.026
0,;0005 0.000 0.0005 0.000
0.0000- 22,44v 040000- 47.949

G R'AVE L 3'. 206 GRAVEL 0.000
SANC 44.*88 -SANC 4.10O
SILT 22.445 SILT 30.256
CLAY 30.261 C-LAY ,5 -

MEAN (V,) 0,0262 MEAN (MM) 0.0023
NEA• (PPHI) 50*2355 MEAN (PHI) 8.7462
STAN CEV 4.2042 STAN 0EV 3.1206
SK FN C S S 0,1808 SKE4NESS -0.-9;q•7
KURTOSIS -1.2904 KURTOSIS -1.2597

CACC? 56.000 CACC3 .... 25.000
ORG CARBON "0.-000 " ORG CARBON 0.000
COLCR OYRS/? -CbOLR IOYR5/2
DOM MINERAL DCM MINERAL
SEC MINFRAL -CP l NER L
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APPENDIX C

Water Transparency and Color Data
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I I ISECCH! DISC*X FOREL

LATITUDE LONGITUDE LOCAL TIME DATE WHI IBCK COL
I IWHITE JBLACK COLOR

USS VALOR (MSO 472)

41038.5'N 12008.1'E 1015 19 Oct 23 10 3
41049.4'N 1152.8'E 1321 19 Oct 6 4.5 4
42 013.0'N 11026.8'E 1135 20 Oct 18 8 3
420 10.8'N 11020.4'E 1400 20 Oct 17 8 4

*USS VIGOR (MSO 473)

40033.7'N 140 01 oE 1235 18 Oct 14.5 5.5 4
41040.8'N 11050.9'E 1230 19 Oct 8.5 3.5 4
42020.3'N 10043.5'E 1130 20 Oct 16 8 3
42030.1 'N 10050.5'E 1320 20 Oct 15 10 3

USS VITAL (MSO 474)

41 001'N 13039'E 1410 18 Oct 13 9 4
410 41'N 12004'E 1100 19 Oct 14 7 5

"" Depth in Meters
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